Background: Myanmar has adopted point-of-care (POC) HIV testing for its prevention of mother-to-child transmission of HIV program, and was initiated in 84 townships in 2013. This study assessed the progress of HIV testing uptake from 2012, one year prior to POC testing, to 2015, and the challenges faced by service providers during the rapid rollout of this testing strategy.
Introduction

Background of the study
Acknowledging the feminizing pattern of the HIV epidemic, Myanmar has prioritized prevention of mother-to-child transmission (PMCT) as one of the most important interventions since early 2000. Accordingly, the PMCT program, which was pilottested in a few major cross-border townships in 2001, gradually expanded each year to cover more geographic areas. By the end of 2015, the program reached 301 of the 330 townships in Myanmar and 38 hospitals (including 10 of the 38 tertiary level referral hospitals and 28 of the 40 secondary level referral hospitals).
1
HIV testing is the entry point for identifying pregnant women living with HIV and enrollment for receiving PMCT services. Until 2012, HIV testing was conducted according to the national HIV testing strategies, which allowed testing to be performed at health facility laboratories where there was at least one trained lab technician. This stringent testing guideline hindered practical scaling up of the PMCT program. Test results were not always available on the same day, depending on the workloads of the labs. 2 This meant that pregnant women in both urban and rural areas usually got their results during subsequent ANC visits instead of on the same day.
Consequently, the increase in coverage of the PMCT program did not meet the program's expectations for proportionately increased uptake of HIV testing and higher percentages of pregnant women who received their test results. 2 Only an estimated 25-30% of pregnant women were tested and received their results through the PMCT program. 3 In 2012, only half of the ANC attendees who received pre-test counselling were tested and received their test results. 4 The high dropout rates between pre-and post-testing receipt of results became the main challenge for scaling up the program, especially since Myanmar's PMCT regimen was continuously changing to adopt updated World Health Organization's (WHO) recommendations on treating HIV-infected pregnant women as early as possible. 5 Myanmar has pledged to achieve the global goal of eliminating paediatric HIV infection by 2020, 6 which would require at least 95% HIV testing coverage of ANC attendees as a major process indicator. 7 Considering the barriers against achieving the global target of HIV testing coverage and provision of ART to all HIV-infected pregnant women as early as possible, Myanmar rolled out the innovative point-of-care (POC) testing strategy for the PMCT program in late 2013. It was initiated in 84 PMCT townships in 2013, an additional 44 townships in 2014, and the remaining 173 townships in 2015.
For POC testing, midwives were trained to use a simple, rapid diagnostic test kit for HIV testing according to the providers' guidelines, using a clear standard operational procedure in the local language. 8 With the POC diagnosis, midwives were allowed to provide a screening test for all pregnant women seeking antenatal care (ANC). The screening test reactive individuals or specimens need to be referred or send to township hospital laboratories or sexually transmitted disease (STD) clinic laboratories for confirmation testing.
Objectives/Specific aims
With the rollout of POC testing, it is important to evaluate the progress of HIV testing coverage and timeliness of testing and result provision during the first two years of the program's implementation. As 70% of Myanmar's population resides in rural areas, 9 it is important to compare urban and rural status. In addition, it is crucial to explore the major challenges experienced in townships while implementing POC testing so that remedial actions can be put in place for scaling up in future. Findings from this study will be useful for future program improvements to meet the global goal of eliminating paediatric HIV infection by 2020. 
Methods
Study design
This was a mixed-methods study conducted in 23 townships randomly selected by a random number generator 11 from a list of townships where POC testing was rolled out in 2013. The quantitative component (serial cross-sectional study) assessed the progress of HIV testing coverage among pregnant women, followed by a qualitative study exploring challenges faced by primary care providers rendering POC HIV testing and linkage to care.
ANC facilities (health centers) in the selected townships were serially assessed from 2012 to 2015 to provide quantitative data. Qualitative data was collected from primary health care providers from each of the selected townships who were voluntarily recruited during the 2016 data collection period of January to September.
Data collection
Health center data
Information on the performance of HIV testing coverage and time of receiving test results were extracted from existing reports and records. Data entry was done using Epi Info TM , 12 cross-checking with double data entry process to assure data quality.
Care provider data
A confidential self-administered semi-structured open-question survey was used to collect information from health care providers about attendees' gestational weeks at first ANC, perceptions of providing POC testing in terms of workload and difficulties in providing HIV testing at first ANC visit, challenges of referring HIV-positive pregnant women for confirmation testing, and suggestions for better program performance in the future.
Data analysis
Health center data
Prior knowledge of differences in health care management between facilities in urban and rural settings led to classifying the facilities as either urban or rural and comparing the outcomes over time. To detect changes in 2013 when POC testing was rolled out in the last quarter, 2012 annual data were used as a baseline, and annual data for 2013, 2014, and 2015 were used as time points 1, 2, and 3, respectively.
The major outcomes of interest included the proportion of ANC attendees receiving HIV testing and results, and among those tested, the proportion receiving HIV testing at the first ANC and receiving same-day test results. These outcome variables were dichotomized as high or low, using the cut-off points based on the median values of particular outcomes across the study period. The cut-off was 80% for receiving HIV testing and results and receiving HIV testing at first ANC visit, and 70% for receiving same-day results.
Information for outcomes of interest was repeatedly assessed for four consecutive calendar years (2012 to 2015) for all ANC facilities in selected townships. Observations were linked over time at the township level. The Proc GLIMMIX procedure in SAS version 9.4 was used for random effect logistic regression with the Gaussian quadrature method for modeling changes in outcomes of interest over time. 13 The possible mean structures over time for each of the three major outcomes were assessed by plotting the mean logit scores for observing high proportions. All graphs showed non-linear trends over time. Among all possible non-linear mean structures, the one with the lowest AIC and QIC values (i.e., spline (knot at time 2) model) was selected as the final model.
The spline model estimates the outcome of interest in 2 segments of time: from baseline to time point 2, and after time point 2. The model used two time covariates, linear and spline time, each of which represents a specific time segment. The linear time covariate reveals the trends of the reference group from baseline to time point 2, and the summation of linear time and spline time reveals the trends after time point 2. The interaction covariates (linear time*rural) reveal the differences in trends between reference (urban) and rural group from baseline to time point 2, whereas (spline time*rural) reveals the differences in trends after time point 2. The possible confounding effects of external variables on HIV testing uptake and those receiving ART were considered and controlled for in the analysis.
Care provider data
Responses for each of the semi-structured questionnaires enquiring about challenges faced by care providers while providing POC HIV testing services for pregnant women were independently coded by the principal investigator, and thematic analyses were conducted after several iterations, yielding seven distinct challenges. The findings were given in simple descriptions under each theme/challenge.
Results
All ANC facilities in the selected 23 townships participated in this study. Based on geographic location, these facilities were classified as urban or rural ANC facilities, which totalled 31 urban clinics and 181 rural clinics. Among 960 primary health care providers, 647 voluntarily provided information via a confidential open questionnaire, resulting in an overall response rate of 67%.
Proportion of ANC attendees who received HIV testing and test results
At baseline, half of the rural facilities had 60% HIV testing coverage among ANC attendees, whereas half of the urban facilities had 80% coverage. At the end of the study period, about half of rural and urban facilities had 100% coverage (Table 1) .
As seen in the model output (Table 2) , rural facilities had significantly lower log odds of 80% testing uptake than urban facilities at baseline. Both groups showed increasing log odds over time. The annual rate of improvement from baseline up to time point 2 was higher in the rural group (P value <0.1), and the rate of increase after time point 2 became lower in the rural group and higher in the urban group (P value >0.1). The trends of increase for both groups were depicted regarding probability in Figure 1 .
Among the possible effects of external factors, health center groups with female literacy rates of 93% and less had significantly better HIV testing uptake rates.
Proportion of ANC attendees being tested at their first visit
Although it would be preferable to assess the progress of HIV testing in terms of specific gestational week (before 14 week), it was very cumbersome for providers to specify exact gestational week at the time of testing, due to the inefficient paper-based registration system. Health centers usually prepare and keep ANC reports for first and subsequent visits, but do not record gestational week of ANC attendance. We could therefore only extract HIV testing coverage at the first ANC rather than at specific gestational week.
Phase of pregnancy at which women seek ANC was queried in the survey of health care providers. About one-third of providers said ANC commenced during the first trimester (before 14 weeks of gestation), half said that the first ANC visit usually took place during the second trimester (14 to 28 weeks), and the remaining (~15%) said the first ANC took place only after the second trimester.
The average HIV testing coverage at first ANC visit was 70% for both rural and urban centers at the baseline, then increased to 80% for rural and 90% for urban at the end of the study period (Table 1 ).
According to model output (Table 2) , the urban group showed a 0.6 annual increase in log odds for achieving 80% HIV testing for the first ANC attendees until time point 2, and a slower rate of increase from time point 2 to 3. The rural centers had lower log odds at baseline, which remained at the same level until time point 2, but increased 0.9 between time points 2 and 3. None of the rates of increase were statistically significant. The trends in the probability of achieving 80% HIV testing for the first ANC attendees for urban and rural centers are shown in Figure 1. 
Proportion who received their results on the same day as testing
The third outcome of interest was whether POC testing could shorten the test result turnaround time. The average level of providing same-day HIV test result was 0% for rural and 10% for clinics at the baseline, which increased to 90% for both groups at the end of the study (Table 1) .
Urban centers showed increasing log odds of providing test results on the same day, with an increase of 4.48 log odds per year up to time point 2 (P-value <0.01), then increases of 3.01 (i.e., summation of coefficients for linear and spline time terms = 4.48-1.47) log odds each year after time point 2. Rural centers had significantly lower log odds than urban www.mchandaids.org | © 2019 Global Health and Education Projects, Inc. centers at baseline (P-value <0.001), but showed significant improvement throughout the study period. The rate of improvement was 36.42 (31.94+4.48) log odds up to time point 2, but slowed down thereafter ( Table 2 ). The progress of providing same-day test results is depicted in terms of probability in Figure 1 .
Service providers' experiences with conducting POC testing
More than 600 primary health care providers responded to the questionnaire. About half to two-thirds of respondents gave positive or neutral responses. Responses to challenges were compiled and presented according to several identified themes.
Logistical supply
Inadequate availability of HIV test kits and supplemental supplies was cited by 20% of respondents as a barrier against providing smooth and timely HIV testing services for all ANC attendees at first visit. Frequent changes in test kit brands with different result times and kits with very short shelflives were also cited as a challenge.
Excessive workload
As POC testing was provided together with the essential ANC services, it was of interest to know whether this placed additional burdens on primary care providers. Out of over 600 responses to the questionnaires, 60% gave neutral responses, while 15% were very motivated and gave very positive responses such as "POC testing makes ANC more comprehensive" and "the role of the midwife is enhanced." However, 25% reported additional burdens to their workloads due to providing pre-test information and counseling, performing testing, additional recording and reporting requirements, and discomfort with disclosing positive HIV screening test results.
Stigma and discrimination
Although HIV testing of pregnant women has been increasing over time, fear of discrimination still prevents some pregnant women from being tested. Consequently, service providers need to provide repeated counseling so that all pregnant women are tested and receive their results. Another common challenge was obtaining confirmation testing for those with positive results, and for HIV-positive women to enroll in care and receive appropriate treatment. About 25% of respondents raised the issue of stigma and discrimination as a challenge to providing PMCT services.
Travel times and transportation costs
In rural areas, health centers are not available in each village, and one sub-rural health center covers an average of five or six villages. Midwives and primary health care providers make day trips to villages to provide ANC, immunization, and other primary health care services. About 15% of respondents reported that long travel times from health centers to villages left health care providers with inadequate time to provide services, including HIV testing, to all clients during one visit. Long travel times and higher transportation costs deter HIV-positive pregnant women from seeking confirmatory testing and enrolment into care for early treatment.
Capacity-building requirements
Counseling was cited by the majority of respondents as the best strategy to get pregnant women tested, to receive confirmation testing, and to receive appropriate treatment for those with a confirmed positive result. About 10% of respondents requested counseling training for disclosing positive HIV status to spouses and family members. Poor health knowledge among pregnant women was frequently cited as a hindrance to the PMCT program. About 20% of respondents suggested scaling up community awareness of PMCT services and its advantages in different local dialects and reaching out to the community through various means.
Limited tracking procedures for those lost to follow-up
Respondents experienced limitations for tracking those lost to follow-up. Positive cases sometimes gave false addresses or left town after receiving a positive test result. In addition, there was no proper referral feedback mechanism for those who enrolled for care in the private sector or other national or international organizations providing ART.
Discussion
In this study, three major indicators were used to assess the progress of HIV testing coverage and timeliness of testing and giving results. In general, promising achievements were observed in all indicators by the end of the study period, which was two years after the initiation of the new testing strategy. Further details could be elucidated when comparing the progress of urban and rural health center groups over the study period.
Although both the rural and urban groups demonstrated improvement throughout the study period, rates and patterns of progress varied between the two groups. The urban group had significantly higher log odds of HIV testing coverage and receiving same-day test results at baseline, and had improved early HIV testing from the very beginning, though not statistically significant. The rural group appeared to struggle during the first year of implementation for early HIV testing.
Community-based primary health care in rural areas requires travel by each provider to an average of four to six villages, which is time-consuming, so there was delayed progress in the rural center group. Responses from care providers also indicated a number of challenges that need careful and urgent remedial action.
Heavy workloads, long travel times, and inadequate supply of HIV test kits were common issues reported as major challenges for achieving adequate HIV testing coverage, testing of ANC attendees on the first visit, and same-day results. The entire system of logistical and supply management of the PMCT program should be reviewed and modified to improve conditions in the field. In addition, alternative ways should be found to reduce the workload of primary care providers. Depending on the local context, recruitment and capacity-building of volunteer health workers from each village, such as community health workers and auxiliary midwives, could provide necessary support for primary care providers, especially for health education and group counselling, so that all required tasks can be carried out during the first visit of an ANC attendee.
Stigma and discrimination have been a long-term deterrent for HIV-related activities.
14 Fear of being stigmatized is a major concern that prevents pregnant women from receiving confirmation testing and enrolling for treatment. Ways to reduce stigma and discrimination should be explored so that the program can reach out to those at risk for HIV infection.
Low levels of health knowledge and awareness of the advantages of PMCT services were reported to impede access to the testing and treatment services for PMCT. Communication strategies should include simple and clear behavior change messages on the continuum of care for all pregnant women and family members. Policymakers should consider including HIV testing as one of the essential services for routine ANC, which could help improve HIV testing acceptance among pregnant women and, consequently, early diagnosis and follow-up with necessary care services.
Noticeable improvements of all of the services were observed in both the rural and urban groups throughout the study period. However, much needs to be done to support continuous improvements, and there is a long way to go to achieve universal HIV testing coverage for pregnant women and to achieve an HIV-free generation.
Only 80% of the estimated numbers of pregnant women in Myanmar were reported to make at least one ANC visit during the study period, and about one-third of those who sought care came during their first trimester. ANC coverage and seeking early ANC among pregnant women needs to be increased. The necessity of improving ANC services is an essential prerequisite for moving towards elimination of paediatric HIV transmission. 15 This was also raised as a key concern by service providers when an assessment of cascade of services was conducted in Myanmar. 16 Drug efficacy for prevention of mother-to-child transmission is best when the treatment is started as early as 14 weeks of gestation.
17 Myanmar adopted the WHO updated guideline in its national PMCT guideline in 2016 to treat all HIV-positive pregnant women as early as possible, regardless of CD4 count. 18 Our findings also emphasize the need to provide HIV testing for all ANC attendees at the first visit and to give same-day results to maximize numbers of HIV-positive women who will undergo timely diagnosis and enrolment for appropriate treatment. Only about 80% of pregnant women in Myanmar make at least one ANC visit, and of these, about half do not seek ANC until their second trimester, and less than a sixth during their third trimester. Unless HIV testing and test results occur on the same day, a substantial proportion of HIV-positive pregnant women will not receive appropriate treatment, which could result in HIV transmission to their infants.
A very rapid rollout of POC testing revealed inadequate skills amongst health care providers in giving disclosure counseling, fear of providing wrong test results, and inadequate privacy for counseling those with positive test results. Improvements and modifications should be undertaken to sustain program improvement. There should be continued visits to the field by training teams to seek solutions to issues such as privacy for HIV testing and counseling for HIV-positive clients, as well as continued professional education plans based on need. Limitations in such support visits were mentioned by some service providers in another study. 16 The program should set up a standard operating procedure on quality control for HIV screening tests, which could help build the confidence of providers since they are involved in regular quality control schemes and receiving feedback. The quality control plan is also crucial for long-term improvement of the program.
Limitations
There are some limitations to the study that should be noted. The data were extracted from service providers' records and reports, with limited ability to track individual pregnant women completely throughout the cascade of services. Even with these limitations, our findings identified essential elements for improving the effectiveness of PMCT program implementation in the future.
Challenges
Advocacy with supervisors from different levels of the public health department and national AIDS program was a major prerequisite for data collection. Having extracted data from the paper-based records of primary health care providers, careful data completeness and consistency checking was required, and was conducted by the data collection team at study sites. In addition, tremendous efforts for rigorous data verification and triangulation were conducted by the researcher.
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Conclusions and Global Health Implications
There is an urgent need to take remedial action to ensure continuous availability of testing supplies to primary service delivery points. The program should consider making HIV testing an essential service at the first ANC visit and recruiting local volunteers that could help with community health awareness and health education to reduce the workloads of service providers. Mechanisms for providing continued professional training based on needs and continued mentoring from state, regional and township mentors, and a quality control scheme for HIV testing should be established and implemented. It is firmly believed that with effective implementation of PMCT services fully integrated into primary health care services, great strides can be made towards achieving an HIV-free generation in Myanmar by 2020.
Our study provided evidence that decentralized HIV testing, a community-based strategy, works well, even in rural settings. Adopting communitybased PMCT services can take Myanmar closer to the WHO goal of elimination of mother-to-child transmission of HIV and safeguard sustainability. This strategy would be applicable to other resourcelimited countries.
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Key Messages
• POC testing has improved HIV testing coverage among pregnant women in Myanmar, and reduced the turnaround time for receiving results, which greatly increases the number of pregnant women who know their HIV status.
• Fear of discrimination remains a barrier for pregnant women receiving HIV testing at their first ANC visit. HIV testing with proper counselling is an essential service for the first ANC visit, and increases HIV testing coverage and early diagnosis of HIV among pregnant women.
• There is a need to establish a mechanism for providing continued professional training based on needs and continued mentoring to ensure quality of HIV testing services by primary care providers
